SUMMARY Thirty caucasian male patients with stable angina were investigated in two groups of nine and one,group of 12. Nine normal subjects were also studied. Patients in the first group (on no treatment) underwent symptom-limited exercise electrocardiography at 0800, 1200, and 1600 hours on the same day. Their heart rates and ST segment displacements at 1600 hours were significantly greater than at 0800 hours and the same phenomenon was seen in the second group who had been receiving propranolol 40 mg four times a day. A similar effect was noted for ST segment displacement but not for heart rate in the third group (on no treatment) tested at 0800 hours and 1600 hours on separate days, two to three weeks apart. Normal control subjects showed no diurnal variation in heart rate and their heart rate responses at 1600 hours were reduced by propranolol. The observations show a circadian variation in the ST segment response to exercise in patients with angina and a possible training effect on heart rate with multiple exercise testing on the same day. This variation is associated with a reduction in vagal parasympathetic tone to the heart and should be taken into account in the assessment of patients with angina and in particular when comparing responses to treatment.
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Circadian variation in cardiovascular variables such as the blood pressure and heart rate is well established. I2 Recently, Yasue and co-workers3 described 13 patients with variant angina in whom there was an angiographically demonstrable increase in tone of the major coronary arteries in the morning when compared with the afternoon. This was associated with a significant variation in exercise tolerance. Little Accepted for publication 23 March 1982 156 group of 12 (C). Nine asymptomatic normotensive male volunteers were also studied (D). All the patients were normotensive (BP< 160/95 mmHg), had no past history of myocardial infarction, and no evidence of valvular heart disease. They also had a normal chest x-ray film and resting electrocardiogram but on exercise using the Bruce channel oscillographic monitor. Leads CM4, CM5, and CM6 were studied, recordings being taken automatically at rest, after each minute of exercise, at maximum exercise, and at each of 10 minutes during the recovery period. The chart speed was regularly checked and the recording system optimally damped. The heart rate responses were computed and checked by measurement from the chart. ST segment displacement was noted at 60 ms after the nadir of the S wave by two observers independently, unaware of the circumstances of the test, consensus being obtained with the third.
GROUP A
The patients in group A (on no drugs) underwent exercise electrocardiography at 0800 hours after a light breakfast, at 1200 hours, and at 1600 hours on the same day. A light lunch was taken after the midday test.
GROUP B
The patients in group B were subjected to the same procedure as group A but had received propranolol 40 mg four times a day for at least four weeks before assessment. Drugs were taken on the day of study after each exercise recording.
GROUP C
The patients in group C (on no drugs) were randomly allocated into two subgroups. The first underwent a single exercise test at 0800 hours followed by a further single test at 1600 hours, two to three weeks later. The second subgroup started with the 1600 hours test and after two to three weeks underwent a further test at 0800 hours. During analysis both subgroups were combined, randomisation neutralising any changes in performance which might have occurred with training.
GROUP D
The subjects in group D were asymptomatic male colleagues who were randomly allocated into two subgroups. The first subgroup of five underwent the triple procedure while taking no drugs and were retested a mean of four weeks later after receiving propranolol 40 mg four times a day. Drugs were taken during the day of assessment as described for group B. The second subgroup of four received propranolol for at least two weeks before undergoing the triple procedure which was repeated after four weeks on no drugs.
The means and standard error (SEM) of the observations were calculated and the paired observations, that is 0800 hours vs 1600 hours, were examined using Student's paired t test. This technique examines the means of the differences between the paired observations and their relation to zero.
Results

GROUP A
The heart rate responses of this group (on no treatment) are illustrated in Fig. 1 . The maximum heart rate was significantly higher in the afternoon than in the morning (p<0.025), in spite of comparable walking times. The one minute recovery heart rate was also higher (p<0.025), but the two minute recovery value failed to achieve significance (OOl>p>0.05). The ST segment displacements (Fig. 2) were greater in the afternoon both at maximum heart rate and throughout recovery (p<0-02 or better), with the exception of the three minute observation (OOl>p>0.05). The 1200 hours observations adopted an intermediate position and, though the waLking times at both 1200 hours and 1600 hours were greater than at 0800 hours, the difference was not significant (0. l>p>0.05).
GROUP B
The heart rate responses of this group (who had been receiving propranolol) are shown in Fig. 3 . The maximum heart rate was significantly higher in the afternoon (p<0005) in spite of the drug, and this difference was good until the end of the third minute of recovery (p<0025). Likewise (Fig. 4) The heart rate responses of this group when taking no treatment are illustrated in Fig. 7 . No significant differences were seen. In sharp contrast to the patients with angina, the afternoon heart rate responses (Fig. 8) were lower when the group received propranolol (p<0-025 for maximum heart rate through five minutes' recovery; p<O-05 at 10 minutes).
Discussion
The pathophysiology of ST segment displacement during acute myocardial ischaemia remains uncertain. Angina pectoris in patients with ischaemic heart disease occurs at a reproducible value of rate pressure product6 in response to exercise and of tension-time index in response to atrial pacing.7 Exercise-induced ischaemic ST segment depression correlates closely with indices expressing myocardial oxygen consumption (derived from heart rate, blood pressure, and ejection time), but the best single determinant is heart rate8 9 which was thus used in this study. Nevertheless, variability in exercise tolerance with dislocation of the ST segment/heart rate relation has been described in continued sustained exercise,'0 and with training,I1 and brief severe exercise may be associated with greater triple products at the point of angina than after more limited exercise.'2 Detry et al. 13 Fig. 4 ST segment responses ofthe group B patients illustrated in Fig. 3 ; the symbols are as for Fig. 1 and 2 . The 1600 hours ST segment displacements are significantly greater at maximum heart rate and during thefirst minute of recovery. Fig. 5 ; the symbols are as for Fig. I Fig. 7 after two to four weeks' treatment with propranolol 40 mg qds; the symbols are as for Fig. 1 . The 1600 hour heart rates are significantly lower than the 0800 hour heart rates at maximum exercise and throughout recovery. group.bmj.com on April 13, 2017 -Published by http://heart.bmj.com/ Downloaded from 1jy, Pollard, Nunan A, not shown by group C, may be explained by a training dependent adaptation'5 which does not occur in normal subjects off treatment (Fig. 7) . The pattern of enhanced heart rate responses and ST segment displacements seen in group A was also seen in group B, in spite of treatment with propranolol (Fig. 3, 4) , though this beta adrenoceptor blocking agent reduced the heart rate response of the normal subjects (Fig. 8) , as would be expected.
It may be inferred that the normal subjects receiving propranolol (Fig. 8) have a reduced heart rate response to exercise because of reduction in sympathetic drive to the heart, vagal parasympathetic withdrawal being complete at maximal exercise. In contrast, the higher heart rate responses at 1600 hours in group B can only be explained on the basis of a withdrawal of vagal tone unless the unlikely circumstance of sympathetic overdrive is proposed. 
